A computer program was written to determine the trajectory of supersonic aircraft from the arrival times of the sonic boom. The program was used to estimate the flight path, velocity and height of eight space shuttle landings and one flight of the SR-71 Blackbird plane, which were recorded on the southern California seismic network during 1989 and 1990. It was found that the direction of the flight path can be resolved fairly accurately, while there is much more uncertainty in the velocity and height estimates.
INTRODUCTION
Sonic booms from aircraft and possibly meteors (Anglin and Haddon, 1988) traveling at supersonic velocities are sometimes recorded on short-period seismic instruments. In southern California, the space shuttles on their way to landing at Edwards Air Force Base cause particularly strong shock waves (Kanamori et al., 1991) that are recorded on the southern California seismic network. Differences between the signals recorded for earthquakes and sonic booms can be seen in both waveforms and the pattern of arrival times. Supersonic aircraft often produce the characteristic "N" shaped pressure waves (Fig.  1) , where the width of the "N" depends on such factors as the plane length, velocity and height (Carlson and Maglieri, 1972) . The waveforms in Fig. 1 are "backward N's" because positive pressure from the shock wave causes downward ground motion. The arrival times of these waves can be picked to an accuracy of a few tenths of seconds. The pattern of arrival times form hypobolic shaped isochrons, as opposed to the pattern of concentric circles produced by earthquakes. In order to confidently identify sonic booms, it is useful to have a computer program to quickly determine if the pattern of short-period arrivals is consistent with the characteristic hyperbolas.
s

SONIC BOOM PROPAGATION
Objects moving at supersonic speed (U) through the air produce cone-shaped shock wave fronts (Fig. 2) . The slope of the cone (/?)is given by where M is the Mach number,
. U and c is the speed of sound in the air, in this case assumed to be 300 m/sec. For an object flying above and parallel to the x axis as in Fig. 2 , the intersection of the Mach cone with 0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 The distance from the apex of the hyperbola to the interesection of the assymptotes is given by,
where H is the height of the flying object. Using equation 3, the arrival time (t) of the 
U
where to is the arrival time of the shock wave at the origin.
(6) For a constant velocity and constant height Mach cone, the hyperbolic isochrons of the shock wave moving across the ground surface can be described by 5 parameters: height, speed, trajectory (specified by a back azimuth and a lateral offset, as shown in Fig. 3 ) and an origin time. A program was written to systematically search through combinations of the first four parameters and solve for the origin time, to find the set that produces arrival times that best match the data. The root mean square (RMS) errors between the model and observed arrival times were 3 to 11 sec for the various sonic booms. The smallest error is for the Blackbird flight which was probably a relatively level and constant velocity flight over the network. The largest error was for the 11/28/89 space shuttle landing which was recorded across about 150 km of the network during which the aircraft's height and velocity probably changed substantially. These errors are relatively large, compared to residuals in earthquake locations because of the slow speed of sound in the air (300 m/sec). One large source of error is caused by the difference in heights of the stations, for which corrections were not made. An elevation difference of 1 to 2 kilometers will cause arrival time differences of several seconds. A second source of error for the cases of the space shuttle landings, is that the aircriaft is slowing down and dropping in height as it comes over the network. In these cases the estimated velocities and heights would represent average values of the flight path over the network. A third source of error is the variation of the sound velocity at different heights in the atmosphere. We are working on a modified version of the program which will take into account these additional factors.
In general, the direction of the flight path can be well resolved if the spread of stations is large enough to resolve the curvature in the hyperbolic isochrons. Using the data from the sonic boom caused by the SR-71 Blackbird flight of 3/6/90, Fig. 5 shows how the RMS varies as a function of each of the four tested parameters, while keeping all the remaining parameters fixed. The sharp minima in the back azimuth and offset indicate that the trajectory can be resolved within a few degrees azimuth and a few kilometers offset.
If the object is moving at a fairly constant velocity, as was probably the case of the SR-71 flight, the velocity can also be estimated fairly accurately. The width of the minimum in the plot of RMS as a function of Mach number indicates that the velocity can be estimated within a few tenths of a Mach number.
The height is the most uncertain parameter, because stations have to be located close to the apex of the hyperbolic isochrons in order to resolve this parameter. Fig. 5 shows a much broader minimum in the variation of RMS as a function of height, indicating that the average height is resolved to only 5 to 10 km. Input:
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Coordinates of approximate center of recording stations.
Approximate radius (km) of recording stations.
File with station coordinates in HYPOINVERSE format (Klein, 1985) named ALLSTN.DCK File with arrival time data in HYPOINVERSE format.
Input ranges of the Mach number, height, and the back azimuth and offset of the trajectory are specified by three values: starting value, number of values to test and the increment of the tested values. All of these parameters are fairly straight forward with the possible exception of the lateral offset in the trajectory. The offset is specified by points along a line perpendicular to the azimuthal line to the approximate center of the stations (Fig. 3) . The program asks for the number (n) and spacing of points to test on either side of the azimuthal line. 2n + 1 pathes are tested for each back azimuth.
Output:
Results are printed in the file BOOMFIT.OUT. 
C PROGRAM TO FIT SUPER SONIC TRAJECTORIES TO SONIC BOOM ARRIVAL TZMES
